INTRODUCTION
Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) is a unique clinical entity that represents approximately 5% of Hodgkin lymphomas (HLs). 1 The disease has a more indolent clinical behavior than classical HL (cHL), with a favorable prognosis. 2 Despite high survival rates, late relapses are observed more frequently than in cHL. 3 Standard treatment depends on stage and often includes radiation therapy (RT) for early-stage disease and/or chemotherapy or combined-modality therapy (CMT) according to treatment paradigms developed for cHL. 4 Deaths resulting from NLPHL are uncommon, and treatment-related toxicities have been a major cause of mortality. 5, 6 Unlike cHL, the malignant cells of NLPHL universally express CD20. 7 Therefore, targeted therapy with rituximab, a chimeric anti-CD20 monoclonal antibody, has been explored as a treatment option. We previously reported preliminary results of a phase II trial using single-agent rituximab in NLPHL administered at 375 mg/m 2 once per week for 4 weeks. 8 Overall response rate (ORR) was 100%, but estimated median freedom from progression was Ͻ 1 year. On the basis of the observation in follicular lymphoma of improvement for time to treatment failure with the use of maintenance rituximab, 9 we modified our protocol to repeat four onceper-week doses of rituximab at 6-month intervals for 2 years. Herein, we report the mature results of the phase II trial of rituximab induction with and without maintenance rituximab (MR) in NLPHL.
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PATIENTS AND METHODS
This trial was initiated in 1999, and patients were treated at Stanford University Medical Center (Stanford, CA) and Washington University Medical Center (St Louis, MO). The diagnosis was confirmed in all patients by institutional pathologists by morphology and an immunohistochemistry profile of CD45ϩ, CD20ϩ, CD15Ϫ, and CD30Ϫ in the characteristic malignant popcorn cells. Both untreated and previously treated patients with NLPHL and Eastern Cooperative Oncology Group performance status of 0 to 2 were eligible. Measureable disease was required, with at least one lymph node measuring Ն 1.0 cm in largest dimension or quantifiable extranodal disease. Adequate end-organ function was required: absolute neutrophil count Ͼ 1,500/mcL, platelet count Ͼ 50,000/mcL, serum creatinine level Ͻ 1.5ϫ upper limit of normal, and liver function tests Ͻ 2ϫ upper limit of normal.
Exclusion criteria included: RT, chemotherapy, prior rituximab treatment, or major surgery within 4 weeks of study entry. Current use of systemic glucocorticoids, any previous malignancy other than carcinoma in situ of the cervix or basal cell carcinoma of the skin in remission, serious comorbidities, or active infection also precluded eligibility. Women had to have no childbearing potential or be using adequate contraception with a negative pregnancy test at study entry. All patients provided written informed consent. The protocol was approved by the institutional review boards at both participating institutions. The study was conducted in accordance with the Declaration of Helsinki and listed on National Institutes of Health Web site clinicaltrials.gov.
All patients were evaluated within 4 weeks before initiating treatment, with routine medical history, physical examination, unilateral bone marrow biopsy, baseline laboratory tests, and baseline computed tomography (CT) scans of the neck, chest, abdomen, and pelvis to identify all sites of measureable disease. Because our study spanned almost 7 years, and imaging techniques evolved during this period, a minority of patients (n ϭ 6) had [ 
Treatment and Evaluation
The initial protocol (G7) consisted of induction therapy with rituximab 375 mg/m 2 administered once per week intravenously for four consecutive weeks (R). The protocol was amended in 2003 (G7B) after 23 patients had enrolled to include maintenance dosing with rituximab at 375 mg/m 2 once per week for 4 weeks every 6 months for 2 years (R ϩ MR). Sixteen patients were treated in the amended study.
Patients were seen during follow-up 1 month after the last dose of induction therapy, every 3 months for 18 months, and every 6 months thereafter. Repeat scans were performed at 3, 6, 12, 18, and 24 months after completion of rituximab induction. Thereafter, scans were performed per institutional standard of care. Response assessments were based on CT criteria. 10 Patients with bone marrow involvement before rituximab were required to have a bone marrow biopsy to confirm complete response (CR). All relapses were confirmed by biopsy if feasible.
Statistical Methods
The primary outcome measure was progression-free survival (PFS), and secondary outcomes were CR and ORR. Response to treatment was determined for patients receiving R or R ϩ MR on post-treatment imaging studies 3 months after the fourth dose of induction rituximab using the criteria of the National Cancer Institute Workshop.
10 PFS was defined as time from the first dose of rituximab to date of confirmation of progressive disease. PFS estimates were performed with the Kaplan-Meier method using Statview 5.0 (SAS Institute, Cary, NC). Overall survival (OS) was defined as time from study entry until death resulting from any cause. Toxicity was measured using the National Cancer Institute Common Toxicity Criteria (version 2.0).
Before the amendment, for patients treated with R, a Simon two-stage optimal trial design was employed. 11 It was assumed that rituximab would be of no further interest if the true ORR were Յ 20% and would be of interest if the true response rate were Ն 40%. For rejection of the null hypothesis, 12 responses were required among a total of 43 patients targeted for enrollment. Because the ORR after enrollment of the first 22 patients was 100%, therapy with rituximab was thought to be of sufficient interest for further study. When the study was amended to allow maintenance therapy, it was assumed that MR would be of no additional benefit if PFS at 15 months after starting treatment were Յ 30% (null hypothesis) and of additional interest if PFS at 15 months were Ն 65%. Using a two-sided test, 22 additional patients would be required to detect this difference, with a power of 0.80 and ␣ ϭ 0.05.
RESULTS
Patient Characteristics
From March 1999 to September 2006, 39 patients with NLPHL were enrolled. Overall, 23 patients received R, and 16 received R ϩ MR (one patient bridged from R to amended study to receive MR). The R ϩ MR cohort was prematurely closed because of limited funding. The characteristics of the cohorts are summarized in Table 1 . Twenty-one patients had previously untreated disease: stage I (n ϭ 6), stage II (n ϭ 8), and stage III (n ϭ 7). For this group, median age at treatment was 38 years (range, 17 to 63 years). Median time from diagnosis to start of treatment in these patients was 4 months (range, 1 to 47 months). Twelve of these previously untreated patients were treated with R, and nine were treated with R ϩ MR.
Eighteen patients had received treatment for NLPHL before study entry. Details of prior therapies are listed in Appendix Table A1 (online only). Stage distribution at study entry for the latter group was as follows: stage I (n ϭ 3), stage II (n ϭ 9), stage III (n ϭ 5), and stage IV (n ϭ 1). Median time from original diagnosis of NLPHL to study entry in patients experiencing relapse was 12.7 years (range, 0.3 to 33.9 years). Median age at treatment was 44 years (range, 18 to 71 years). A total of 11 of these previously treated patients received R, and seven received R ϩ MR.
Response, PFS, and Toxicity
All patients were evaluable for response, and ORR was 100%, with 26 patients (67%) achieving CR, and 13 (33%) achieving partial response (PR), as summarized in Table 2 . No difference in ORR was observed in previously treated versus untreated patients. At median follow-ups of 9.8 years (range, 3.0 to 12.8 years) for R and 5.0 years (range, 2.5 to 8.9) for R ϩ MR, median PFS for R and R ϩ MR were 3.0 and 5.6 years (P ϭ .26), respectively ( Fig 1A) ; OS was not reached ( Fig  1B) . Estimated 5-year PFS and OS for patients treated with R versus R ϩ MR were 39.1% (95% CI, 23.5 to 65.1) and 95.7% (95% CI, 87.7 to 100) versus 58.9% (95% CI, 38.0 to 91.2) and 85.7% (95% CI, 69.2 to 100), respectively. Treatment-related adverse events for both subsets were minimal, with no grade 3 or 4 toxicities.
Previously Untreated Patients
Median follow-up for patients treated with R (n ϭ 12) was 9.5 years (range, 5.0 to 12.8 years); for those treated with R ϩ MR (n ϭ 9), it was 5.1 years (range, 2.5 to 8.7 years). At the end of induction therapy with four doses of R, ORR was 100% (CR, 57%), as summarized in Table 2 . Median PFS for previously untreated patients treated with R and R ϩ MR were 1.9 and 5.6 years (P ϭ .37), respectively; median OS was not reached (Figs 2A and 2B ). Median follow-up for patients without progressive disease (n ϭ 8) at the time of this analysis was 8.1 years (range, 2.5 to 12.8 years). For patients treated with R, estimated PFS and OS at 5 years were 41.7% (95% CI, 21.3 to 81.4) and 100%, respectively. For patients treated with R ϩ MR, estimated PFS and OS at 5 years were 51.9% (95% CI, 26.7 to 100) and 100%, respectively. There was a trend for better median PFS for patients with stage I to II versus stage III disease (5.6 and 1.8 years, respectively; log-rank P ϭ .056; Appendix Fig A1A, online only) . Thirteen patients experienced progression (eight of 12 treated with R; five of nine treated with R ϩ MR). Median time to progression was 2.3 years (range, 0.9 to 6.6 years); progression was confirmed by biopsy in seven patients. Six patients (29%) experienced transformation to aggressive B-cell lymphoma at a median of 4.4 years (range, 0.9 to 7.6 years; Table 3 ). In four patients, aggressive histology was the first event of progression after rituximab therapy (three treated with R; one treated with R ϩ MR); in two patients, this occurred at a median 5.3 years after progressive disease had been documented. Of note, five of the six patients with transformation had abdominal involvement at study entry (stage II with infradiaphragmatic disease, n ϭ 1; stage III, n ϭ 4). Of the 21 patients with previously untreated disease, three died: two resulting from relapsed transformed disease and one resulting from unknown cause. 
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Previously Treated Patients
Median follow-up for patients treated with R (n ϭ 11) was 9.8 years (range, 3.0 to 12.1 years); for those treated with R ϩ MR (n ϭ 7), it was 4.2 years (range, 3.5 to 8.9 years). At the end of induction therapy with four doses of R, ORR was 100% (CR, 78%), as summarized in Table 2 . Median PFS rates for patients treated with R and R ϩ MR were 3.4 and 6.35 years, respectively; median OS was not reached (Figs 3A and 3B). Median follow-up for patients without progressive disease (n ϭ 8) at the time of this analysis was 5.5 years (range, 3.0 to 9.0 years). For patients treated with R and R ϩ MR, estimated PFS rates at 5 years were 36.4% (95% CI, 16.6 to 79.5) and 71.4% (95% CI, 44.7 to 100), respectively. There was no difference in median PFS between patients with stage I to II versus stage III disease at time of rituximab therapy (4.3 and 3.4 years, respectively; P ϭ .62; Appendix Fig A1B, online only). For patients treated with R versus R ϩ MR, estimated OS rates at 5 years were 90.9% (95% CI, 75.0 to 100) and 71.4% (95% CI, 45 to 100), respectively. Ten patients experienced progression (seven of 11 treated with R; three of seven treated with R ϩ MR); this was confirmed with biopsy in six patients. Median time to progression was 3.25 years (range, 0.5 to 8.6 years). Three patients (two with abdominal involvement at study entry: stage II with infra diaphragmatic, n ϭ 1; stage III, n ϭ 1) experienced transformation to aggressive B-cell lymphoma (biopsy proven) at a median of 7 years (range, 0.83 to 9.83 years; Table 3 ). In two of these patients, transformation was noted after multiple relapses with NLPHL at 84 and 117 months after study entry, respectively. Overall, four patients died, one each as a result of aggressive non-Hodgkin lymphoma (NHL), metastatic colon cancer, HL, and acute leukemia (in patient previously treated with MOPP [mechlorethamine, vincristine, procarbazine, and prednisone] and RT).
DISCUSSION
In our series, rituximab was well tolerated and an active single agent in the treatment of NLPHL, with an ORR of 100%. A 2-year course of MR prolonged the median PFS by approximately 3 years, both in first-line and relapsed settings. The difference was not statistically significant, likely because of the small number of patients. Although the initial response was excellent, our results demonstrate a continuous pattern of relapse after R or R ϩ MR. Importantly, approximately half of the patients treated with R ϩ MR and one third of those treated with R remained in remission Ͼ 5 years after initiation of treatment.
Although not curative, single-agent R provides substantial benefit to many patients, potentially delaying the need for cytotoxic chemotherapy. As seen in indolent NHL, the use of maintenance R in NLPHL seems to delay relapse; however, PFS rates after completion of maintenance are similar to those seen with R alone. In contrast to cHL, there is no universal consensus regarding primary therapy for NLPHL. For patients with stage I to II disease, RT, either alone or in combination with chemotherapy, has been the mainstay of therapy, and several studies have reported excellent outcomes, with 10-year PFS Ͼ 80% to 90%. 4, [12] [13] [14] Because of the safety profile of rituximab, evaluation in the first-line setting is an attractive concept. Recently, the German Hodgkin Study Group (GHSG) reported on 28 patients with stage IA disease without clinical risk factors treated with four once-per-week standard doses (375 mg/ m 2 ) of rituximab. ORR was 100%; however, at a median follow-up of 3.6 years, 25% of patients had relapsed. 15 Our findings for patients with previously untreated stage I to II disease are similar to those of the GHSG, with estimated 5-year PFS and OS of 56% and 87.5%, respectively. Cumulatively, these studies suggest that rituximab alone is less effective than standard RT or CMT for patients with newly diagnosed early-stage disease. Therefore, involved-field RT or CMT remains the standard of care as initial therapy for patients with stage I or IIA disease. 4 For patients with either advanced or limited-stage disease requiring chemotherapy, the choice of regimen varies by institution, and again, the optimal therapy is unknown. 2, 16, 17 The largest experience of outcome is a retrospective analysis of 394 patients treated in the GHSG trials HD4 to HD12. Compared with patients with cHL, those with NLPHL had better freedom from treatment failure (88% v 82%; P ϭ .0092) and OS (96% v 92%; P ϭ .016); however, late relapses were more common. 2 Retrospective studies from MD Anderson Cancer Center have reported data on the use of R-CHOP (rituximab plus cyclophosphamide, adriamycin, vincristine, and prednisone) in 15 patients with NLPHL, 11 of whom had advanced disease. 17 With a median follow-up of 42 months (range, 8 to 111 months), there were no relapses or transformations, which is superior to historical data from the same institution using ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine). Our results with rituximab as front-line therapy for patients with stage III or IV disease show ORR of 100%, with median PFS of 22 months (range, 8 to 74 months), suggesting that responses with rituximab are not as durable as those achieved with chemotherapy or CMT, and rituximab is not recommended as monotherapy in this setting. Therefore, chemotherapy or CMT remains the standard of care as initial therapy for advanced-stage disease unless cormorbidity precludes therapy, in which case rituximab is a reasonable option. 4 In our study, for patients with recurrent disease, ORR to singleagent rituximab was 100%. Treatment with R ϩ MR resulted in an estimated 5-year PFS of 71.4% (95% CI, 44.7 to 100) and was nonstatistically significant compared with R (5-year PFS, 36.4%; 95% CI, 16.6 to 79.5), likely because of small patient numbers. Median OS was not reached for either R or R ϩ MR. The GHSG has also evaluated rituximab in patients with relapsed HL. 18 Fifteen patients with relapsed NLPHL received four once-per-week standard doses of rituximab. All but one patient responded to treatment, and at a median observation of 63 months, median time to progression was 33 months, and the median OS was not reached. Thus, our results as well as those from the GHSG suggest that it is reasonable to use rituximab monotherapy in the relapsed setting.
It is well recognized that there is an inherent risk for patients with NLPHL to develop aggressive B-cell NHL. Diffuse large B-cell lymphoma represents the most common histology at transformation, and a clonal relationship with NLPHL has been demonstrated. patients presented at relapse with histologic transformation to aggressive NHL at a median of 4.7 years after initial diagnosis, with inferior survival compared with patients who relapsed with NLPHL. 22 The British Columbia Cancer Agency reported that with a median follow-up of 6.5 years, 13 of 95 patients with NLPHL experienced transformation to aggressive NHL, with actuarial risks for transformation after initial diagnosis of NLPHL of 5% and 31% after 5 and 20 years, respectively. Additionally, transformation was more likely in patients with initial splenic involvement (P ϭ .006). 23 In our series, overall, nine of 23 patients had evidence of transformation to aggressive B-cell lymphoma at relapse. Of these, six patients treated with rituximab as initial therapy experienced transformation, four within the first 5 years. This transformation seen in our study was higher than those reported by other series. Of note, six of the nine patients experiencing transformation had infradiaphragmatic disease at study entry. It is possible that these patients had a concurrent aggressive histology at the outset that was only partially treated with rituximab. Median OS of these patients after transformation was 52 months (range, 2 to 143 months), consistent with that reported in the literature, which suggests that 10-year OS post-transformation is approximately 60%. 24 Collectively, our data and those from other series underscore the importance of long-term follow-up of patients with NLPHL, with special consideration given to biopsy infradiaphragmatic disease both at diagnosis and at relapse.
In conclusion, rituximab is an active agent in both untreated and relapsed NLPHL. Maintenance rituximab seems to prolong remission, similar to results in indolent NHL, but our small patient numbers preclude definitive conclusions. Single-agent rituximab is not curative for NLPHL and therefore should be considered primarily in the management of patients in the relapse setting. Given the low incidence of NLPHL, randomized trials in this disease are challenging; however, because of the high single-agent response rate and safety profile, incorporating rituximab into a chemoimmunotherapy regimen for NLPHL, as is standard for B-cell NHLs, is a reasonable consideration for future clinical investigation. 
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